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Microbiology Subproject

1. Identify Stressor, and using Stress Response Pathway Model Establish Relevance and Feasibility

2. Produce Engineered Strains with Tagged Proteins

From VIMSS

3. High Throughput Phenotyping of Tagged Strains 

5. Produce Large Quantities of Cells under Different Conditions and Harvesting Techniques

Computation

Protein Complex Isolation and ID by MS

4. High Throughput Optimization of Culturing and Harvesting

Imaging Protein Complexes by EM

Computation

Computation

Computation

Computation

Wildtype Cells

6. Validate Stress Response on Metals & Radionuclides

Mission

Summary
During the last year, the Microbiology Subproject produced biomass for multi-protein complex isolation and identification by mass
spectrometry, and for imaging multi-protein complexes by electron microscopy.  This year we have provided more than 2000 L of biomass
consisting of more than 300 individual productions. The goal of incorporating different affinity or tandem affinity (TAP) protein tags into
three genes to determine the best tag for use in the PCAP project has been completed.  These included the Strep-tag® (IBA) for streptavidin-
binding, the SPA-tag (a.k.a. CTF) that consists of a calmodulin binding motif, tobacco etch virus protease (TEV) and 3X FLAG affinity, as
well as a combination of these that replaces the calmodulin binding with the Strep-tag® resulting in STF.  The three genes were the
dissimilatory sulfite reductase subunit C, pyruvate ferredoxin oxidoreductase subunit B and ATP synthase subunit C. Currently the total
number of genes tagged with CTF are 6, with STF 17, with strep 30, with tetracysteine 13 and with SNAP 11. This success paves the way
for a HTP tagging procedure with an ordered plasmid library of D. vulgaris DNA fragments.  To improve the plasmid insertion tagging
currently used, we implemented the two-step TOPO-GATEWAY strategy (Invitrogen) for the production of a library of 145 entry clones in
E. coli.  We also constructed a library of custom destination vectors bearing the following tags: 6xHis, STF, SPA, SNAP, STF-6xHis and
STF-SNAP. Consequently we have constructed a library of 140 STF/SPA tagged clones of which, 84 have been electroporated in D.
vulgaris so far. All of the tagged strains constructed this year have been characterized using phenotypic microarrays (PM), and the D.
vulgaris megaplasmid minus strain (MP(-)) being used in the electroporation studies last year was aggressively characterized for all
differences including stress responses with the wildtype and was found to have some significant response differences.  This enabled the
group to redirect transformation studies using electroporation away from the MP(1) strain and towards the wildtype only.

Basic Strategy for inframe tagging  of
proteins adapted from the Gateway®

Cloning procedures

DvH and Stress Response Pathways

Phenotyping of Tagged Strains

Large-Scale Biomass Production and Harvesting

The Microbiology subproject is the source of environmental and
microbiological expertise that determines the stress response
pathways that will be studied, helps the computation group verify
the stress response pathway models, develops engineered strains
of Desulfovibrio vulgaris, establishes the phenotype and culture
conditions most appropriate for the engineered strains, verifies
stress response as it relates to metal and radionuclide reduction,
and produces the large quantities of biomass needed for protein
complex characterization and imaging by the other groups

The environment is the context in which
genomes evolved,   function,   and

continue to evolve.  It is the only context
in which they can be fully understood.

Environmental Stress

DOE Relevant Environmental Stress Response Pathways
in DvH studied by VIMSS to date: O2, NO3, NO2, pH
(5.5, 10), NaCl, KCl, Cr, Heat & Cold shock, Growth
Phase

Phenotypic Microarray™ analysis is a recently
developed analytical tool to determine the phenotype
of an organism. This technique can be useful to
understand the growth changes of an organism when
changing medium, temperature, or adding a stressor,
or when testing mutant strains . The plates, which are
commercially available from Biolog™ (Hayward, CA),
consist of an array of 20 plates. In our laboratory, we
have developed the ability to use these plates under
anaerobic conditions and are able to culture an
obligate anaerobe,  Desulfovibrio vulgaris successfully
by inoculating the plate in an anaerobic chamber. The
plates are then heat sealed in polyethylene bags
containing an anaerobic sachet. I t was found that
preconditioning of the cells in specialized media was
required for the different types of plates in order to get
a valid phenotype. The plates have been successfully
used to characterize the phenotype of the D. vulgaris
Hildenborough ATCC 29579 and are currently being
applied to mutant strains to provide rapid screening of
mutant phenotypic changes, for rapid pathway
analyses and modeling. See
(https://vimss.lbl.gov/~jsjacobsen/cgi-
bin/Test/HazenLab/Omnilog/home.cgi) for sample
data sets and analyses.

Construction of inframe tags

For tagged proteins that do not have an
associated antibiotic marker, the gene of interest
and a portion of the downstream from the gene is
amplified with the tag in the center, and that
construct put into an entry vector that could be
then put into the destination plasmid containing
Spectinomycin resistance gene and the kan
promoted/upp gene.

The construction of a combined STF-SNAP is being constructed in order to increase throughput by using one tag for all constructs. The
SNAP tag has successfully been tested in-vivo as well as in-vitro (see PCAP EM subproject poster this meeting).

TOPO-GATEWAY High Throughput Strategies for Tagged-Strain Generation

Automation: Liquid Handling

The Recombineering Approach

• Anaerobic
• Sulfate reducer (H2S & FeS)
• Generation time 5h
• Clumps at mid-Log
• Curved rod-shaped
• 0.7 µm diameter
• Non-spore forming
• Gram negative
• Polar flagella
• Cosmopolitan in eutrophic to

mesotrophic environments
• Lives syntrophically without

sulfate
• Proteobacteria
• Chromosome:   3.57 Mb

– 63.2% GC
– 3527 ORFs

• Megaplasmid:   203 Kb
– 65.7% GC
– 147 ORFs

DvH salt stress model

Two reactors, total protein
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Two reactors, cell density (AODC)
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Gateway® Cloning

downstream regionG.O.I

downstream regionG.O.I Tag

Gateway® Cloning

1. 4 x 5 L and 2 x 3 L non-metallic fermenters, for
anaerobic conditions

2. Potential production capacity: batch culture up to 3
L in triplicate for stress & control, and continuous
culture 200 L per week

3. Currently running continuous flow productions 100
L/week DvH wt with 2 fermenters, ~0.5-1x109

cells/mL, dilution rates 0.13 1/h (0.6 L/hr), 80-120
µg/ml total protein

4. Effluent chilled and maintained at 4oC for continuous
collection, and batch centrifugation w/ 4x1 L
disposable liners

5. Monitor/control temperature, pH, redox
potential,optical density

Synchronized, consistent cell production for
transcriptomics, proteomics, metabolomics, and
lipidomics

To date: >300 biomass productions, >1700 L

Centrifuged at 

6000rpm 

for 10min Cell pellet resuspended

to obtain density of 107cells/ml-1 Cells grown to 

mid log phase 

100µ l of cell suspension 
inoculated each well

Plates sealed and incubated 
anaerobically

Growth results obtained and data analysis

WT DvH PM09: Osmotic stress

  

  

JW9007

JW9013

JW9009

JW9011

PM method developed for DvH (anaerobic), high throughput simultaneous screening for ~2000 stressors and metabolites

Used to characterize (1) new isolates, (2) DvH growth under a variety of stresses, and (3) phenotypic response to mutations

Data processing interface (J.Jacobsen)
http://vimss.lbl.gov/~jsjacobsen/GTL/VIMSS/HazenLab/OmnilogPM/home.html 

Shown here: profile of osmotic stress comparing DvH WT with mutants  

+ TAGGED CONSTRUCT LIBRARY
     (123 SPA/STF Tagged Targets)

TOPO-Gateway Strategy: Overall
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     DESTINATION  VECTOR LIBRARY
     (6 Tagged Targets – STF/SPA/SNAP/STF-6xHis/)

Induce λ-Red system and
transform with linear PCR

product
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Recombineered construct
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D. vulgaris chromosome

Details on the TOPO-GATEWAY Strategy and the Recombineering Approach are in the adjoining poster.

Tagged Constructs
Generated with

Pipeline Development

3-5  CFU selected

+ G418

Plasmids
from LBNL

Competent
WT Cells

Recovery

One correct
construct

retained for each
gene and tag

1. 131 plasmids delivered from Dr.
Chhabra

2. 82 plasmids electroporated into
D. vulgaris

3. Transformants obtained for 33
plasmids

4. Cultures of candidate colonies
from each transformation grown
and shipped to Dr. Butland for
IP-western analysis to determine
success of expression of tagged
protein.

5. Confirmation of seven
successful.

HTP Tagged Constructs

Current Capacity
• Tagging plasmid constructs (Chhabra lab) -96

genes/plate – 5-6 wks – multiple plates in process

• Ship plasmid constructs (Wall lab)

• 20 plasmids transformed into D. vulgaris/wk and

transformants obtained – 2 wks

• 100 cultures for IP-western (Butland lab)-      !1 wk

• Confirmed tagged gene construct into production

(Hazen lab)

Approximate

Efficiencies

70-80 %

67%

50%


